Nowadays, in the development of new products it becomes necessary to recognise the importance wielded by agents external to the firm as a source of innovation activities. The complexity and dynamism of present environments make it obligatory to complement the internal knowledge base with others coming from outside, and thus a distinction is made between internal and external innovation sources. Since the former have been adequately studied and analysed in the literature, the present work aims to make progress in knowing the latter. For this purpose, an analysis has been made of the influence of nine types of cooperation with external agents on three indicators of innovatory effort in twenty industrial and service sectors in Spain. These indicators have been: the total intensity of innovation activities, the intramural R&D intensity and the extramural R&D intensity. The findings indicate the existence of very diverse effects on the basis of the partner chosen to cooperate with.
INTRODUCTION
The environment in which economic activity takes place in most countries is characterised by a great deal of dynamism and complexity. Brusque changes in technology, in customers and competitors mean that firms have to renew themselves continuously in order to survive and in many cases, those changes take the form of seeking new ways of carrying out their activities, which include innovation activities.
Traditionally, economists in studying innovation processes used the premise that product manufacturers were the starting point of these processes. In opposition to this, researchers on technological and organisational change have shown that if the manufacturer is assumed to be the only source of innovations, this considerably limits the view of the innovation process (von Hippel 1988 (von Hippel , 2005 . For example, in the evolutionary view of technological change a modern innovation process is assumed, characterised not just by the need for feedback among the different stages, but also by the multidisciplinary nature of inputs and the many sources of relevant information for firms (Rosenberg 1976 (Rosenberg , 1982 . Similarly, in the literature on strategy it has been shown that agents from outside the firm constitute an important resource in the present-day competitive framework, particularly as far as the development of new products and processes is concerned (Penrose 1959; Rumelt 1984; Teece 1984; Wernerfelt 1984; Barney 1991; Peteraf, 1993) .
It has also been pointed out that firms need to open themselves up to external networks and relationships because firms that are too internally focused may miss a lot of opportunities (Chesbrough, 2003a; Laursen and Salter, 2006) . Nowadays, firms need to complement their internal resources and capabilities with imported ideas from outside, interacting with a wide range of actors inside the innovation system (von Hippel, 1988; Lundvall, 1992; Szulanski, 1996; Laursen and Salter, 2006) . This idea is the central point of the so called "Open Innovation" model (Chesbrough, 2003a, b) . According to this model, the advantages that firms obtain from internal R&D expenditures have decreased due to different factors such as the increased mobility and availability of knowledge workers, the increasing scope of capable external suppliers or the thriving venture capital market specializing in creating new firms (Christensen et. al., 2005; Laursen and Salter, 2006) . This model emphasizes the interactive character of the innovation process, suggesting that firms need not and indeed should not rely exclusively on their own R&D but should also use ideas coming from outside in order to exploit the potential of their innovation capabilities and investments (Chesbrough, 2003b; Dogson et. al. 2006; Chesbrough and Crowther, 2006) . Laursen and Salter (2006) suggest that the more widely and deeply the firm uses search strategies, the greater will be its ability to adapt to change and therefore to innovate, although the benefits of openness are subject to decreasing returns.
It is also important to remark that the characteristics of the industry exert an important influence on firms´ search strategies. Chesbrough and Crowther (2006) observe that the Open Innovation paradigm is no longer applicable to high-tech industries only but is also used by a wide range of firms that operate outside this kind of sectors. In any case, the available sources of information that a firm can use are strongly determined by the technological opportunities that the environment offers and the search strategies that other firms in the industry are using (Nelson and Winter, 1982; Levinthal and March, 1993; Laursen and Salter, 2006) . In addition, the different modes in which the Open Innovation model can be applied are influenced by the specific business strategy chosen by firms in a particular industry and technological contexts (Chistensen et. al. 2005) . The diverse strategies for searching information and for the development of new products that a single firm has used in the past also influence its future behaviour (Laursen and Salter, 2006) .
In accordance with these ideas, it is important for the firm to cooperate with other agents for the development of innovations (Mowery & Rosenberg 1989; Arora & Gambardella 1990 ), thus extending their possibilities and ways of learning. These external sources may have very different origins, from users to component and material suppliers and other agents involved in the innovation process (von Hippel 1988 (von Hippel , 2005 Arora & Gambardella 1990; Gemünden, Heydebreck & Herden 1992; Powell, Koput & Smith-Doerr 1996) .
Although in recent years the knowledge of cooperation in innovation activities has become considerably greater, there are still many aspects of this phenomenon requiring further attention. Among some of the questions outstanding is the study of the effects that external information sources exert on the intensity of innovation activity and on the strategy for acquiring technology.
In studies at firm level, the analysis of these relationships is not easy due to a problem of endogeneity between the two variables. An important body of empirical evidence has found that innovatory effort influences the decision to cooperate for the development of innovations (Colombo & Garrone 1996; Fritsch & Lukas 2001; Tether 2002; Belderbos et. al. 2004; Bönte & Keilbach 2005; Bayona, García-Marco & Huerta 2003 ) and a small group of studies has analysed the inverse causality, that is, the effects of cooperation on innovatory effort (D´Aspremont & Jacquemin 1988 , 1990 Katz & Ordover 1990; Colombo & Garrone 1996; Kaiser 2002 ). This latter set of studies has been motivated by comparing the hypothesis that cooperation increases firms' innovatory effort and by the fact that this can be transformed into a source of competitive advantage.
Industry-level analyses could be appropriate to analyse these aspects, since they do not suffer from endogeneity problems in the sample selection (Callejón & García-Quevedo 2005) and also have the advantage of using more accessible data, so it facilitates comparisons with other countries. In accordance with this evidence, we propose an aggregate study at industry level pursuing two aims: firstly, to determine what type of partner in cooperation has the greatest impact on the innovation intensity and, secondly, to discover the influence of these partners in how industries distribute internal technology development or buying-in as a source of competitive advantage.
Unlike other studies, as a novelty nine different types of cooperation are used, including cooperation with: 1) other firms within the same group, 2) customers, 3) suppliers, 4) competitors and firms from the same sector, 5) experts and consultants, 6) commercial laboratories or R&D firms, 7) universities, 8) public R&D agencies and 9) public technological centres. Furthermore, the effect of these sources has been calculated by using different indicators of innovatory effort and specifically three: 1) total intensity of innovation activities, 2) intramural R&D intensity and, 3) extramural R&D intensity. This latter distinction is made with the object of obtaining conclusions concerning the effect of cooperation with various external agents on the level of internal or external technological development.
The work is structured as follows. In Section 2 the theoretical framework of the paper is presented, offering a review of the most important reasons for cooperating in R&D with certain external agents. In section 3, there is a description of the methodology and data used as well as the sample of Spanish sectors from the viewpoint of their innovatory effort and the use of external agents for developing innovations. Section 4 records the findings and the discussion of the empirical analysis. Section 5 presents the main conclusions of the study, as well as future lines of research.
COOPERATION WITH EXTERNAL AGENTS FOR THE DEVELOPMENT OF INNOVATIONS
Currently, the idea that the innovation process only originated in manufacturing firms has been completely rejected. Nowadays, the importance of having sources of information and knowledge located outside the firm has been well enough demonstrated, although other recent studies also remark on the importance of internal sources of innovation (Baranano, Bommer& Jalajas 2005) . In this context, throughout the literature it has been recognised that firms' performance will depend to a great extent on their ability to find, absorb and handle these sources in a productive fashion (Cohen & Levinthal 1990 ).
The convenience of complementing the firm's internal knowledge base with external sources was initially recognised by Alfred Marshall in 1925. In his work, he stressed how important it was for economic progress that firms should develop positive externalities through a market-based organisation (Marshall 1925:335) . Furthermore, those external sources can be quite diverse, ranging from customers, suppliers of components and materials to competitors or other agents involved in the innovation process (von Hippel 1988 (von Hippel , 2005 .
In this line, the R&D department of any firm is not the sole source of innovation activities.
In a general sense, innovation sources are divided into two types: internal versus external (some of which are detailed in Figure 1 ). The former are related to the innovative activities carried out within the firm, especially in R&D, marketing and production departments. But, what is more, the motives for cooperating with one type of agent or another are very diverse, and this information is highly useful for a better understanding of the phenomenon of cooperation. Among the most important motivations are those related to technological complexity, risk/cost sharing and funding opportunities (Hagedoorn 1993; Cassiman & Veugelers 1998; Bayona et. al. 2003) . Thus, following Bayona, García-Marco & Huerta (2001) these motives can be classified in two broad categories: (a) technology-related (such as the technological complexity of the industry or reduction in R&D expenditures) and (b) market-linked (such as creation of and introduction into new markets or new product launches). Below we list some of these motivations according to the type of agent.
Cooperation with customers and suppliers
Establishing a relationship with customers and suppliers is normally referred to as vertical or non-competitive cooperation, compared to horizontal cooperation, which is that existing between competitors. One of the main motivations for relationships with these agents is the high degree of efficiency achieved compared to other types of collaboration to conclude the innovation process in new products or process (Tether 2002; Bayona et. al. 2003; Santamaría & Rialp 2007) . In other cases, emphasis is given to the importance of this collaboration from the viewpoint of developing innovative activities and creating knowledge for firms (Tunisimi & Zanfei 1998) . They are also usually the favourite partners when the goals pursued by firms are of a commercial nature -breaking into new markets, internationalisation, etc.- (Bayona et. al. 2001 , Santamaría & Rialp 2007 .
Specifically in the case of customers, the information provided by these agents is particularly valuable in the case of complex technologies and/or products (Tether, 2002) or when the product presents high levels of novelty (Amara & Landy 2005) . This is due to the fact that user experience in handling them maybe very helpful both in improving existing design and in thinking up new models or applications. The joint development of a piece of technology with customers makes a contribution to improving market share or strengthening the firm's product credibility (Tether 2002) . Thanks to interaction with these partners, the firm acquires a profound knowledge of their needs, and can put this information to use to forecast the likely competitive success of a new idea (Gemünden et. al. 1992) .
Moreover, thanks to newly developed techniques 1 for working with these agents in innovation, it is possible to go beyond the improvement in the known qualities of the product or service, and even make it identify needs which, in many cases, the customers themselves 
Cooperation with competitors
Relationships with competitors are also known as horizontal cooperation and, however strange it may appear, they are a very common type of cooperation. These agreements are interesting because they contribute to strengthening international competitiveness in firms, industries and countries and to solving some of the problems related to market failures as well as other technological deficiencies found in them (Harabi, 2002) . In spite of this, some authors are more in favour of vertical cooperation since they regard it as leading to greater investment in R&D, higher levels of outputs and greater welfare (Steurs 1995) .
At a private level firms participating in this type of agreement are seeking, among others, two aims: (a) to exploit economies of scale and range in R&D and, (b) take advantage of synergies which may arise from private contributions of knowledge and capability made by each partner to the common project. There is also the reduction of investment risk and market uncertainty, as well as overcoming financial difficulties which may affect a firm when starting up R&D activities -the costs are shared- (Harabi 2002 ).
But in addition to the incentives which might lead a firm to have a relationship with a competitor, in this type of collaboration the risks incurred are greater than in other categories. Cassiman & Veugelers 2002). For these reasons relationships with these agents are normally restricted to carrying out basic research and establishing standards in the sector (Gemünden et. al. 1992; Tether 2002) , with collaboration in research projects where no rivalry exists.
Cooperation with agents of the public R&D system
Unlike what happens in the case of collaboration with competitors, cooperation with public agents does not imply any type of commercial risk, since these agents are not looking to apply their research in the market, but rather they are geared to generating R&D knowledge However, although currently these agents are not sufficiently ready to deal with the demand for more specific knowledge, there is a trend towards a change in this direction (Santoro & Chakrabarti 1999) . In this sense, it is worth pointing out that in certain cases the firm may have access to specialized knowledge flows (spillovers) and to the results of public research carried out by these organizations, with the aim of exploiting technological opportunities which may spring up from this basic research (Mohen & Hoareau 2003) .
Possibly, one of the prime motives for taking part in this type of collaboration might be the chance of obtaining public funds to carry out research 2 (Davenport et. al. 1999; Bayona et. al. 2001; Cassiman & Veugelers 2002; Miotti & Sachwald 2003; Fontana, Geuna & Matt 2006) . Along these lines and, in order to encourage relations between industry and research institutes, policy-makers in many cases have considered the existence of this type of links to be a requisite for choosing projects worth subsidising with public funds. In any case, this type of relationship should never be a replacement for in-house R&D investment since, as occurs with the other outside agents, the firm needs to have an important in-house R&D capability to be able to absorb the scientific knowledge that might be provided by any of these agents (Cohen & Levinthal 1990) .
Cooperation with experts and consultants
Often some particular agent of the public R&D system mentioned in the previous paragraph is too slow and does not react completely to firms' expectations as far as development of innovations is concerned. Occasionally, this leads to the need to seek 2 Many of the relationships of cooperation set up with universities and research centres take place within the framework of programs for promoting research, both national and international. 
METHODOLOGY, DATA AND SAMPLE
In this work our aim is to make a quantitative analysis of the effect that cooperation with nine types of external agents has on the innovatory effort of the Spanish productive sector.
The attempt is to identify, from among nine possible partners considered here, which has a significant impact on this effort and on the technology access strategy.
To achieve this aim, it might be possible to formulate three regression equations for the comparison of three models, corresponding to the three dependent variables: total intensity of innovation activities 3 , intramural R&D intensity and extramural R&D intensity. However, as the error terms of the three models are likely to be correlated, an extension of a regression model known as multivariate model (Greene 2000) is usually a more appropriate estimator 4 .
The multivariate regression model has the following specification:
Y 2 = α + β 1 X 1i +… + β 9 X 9i + ε i (2)
Where Y 1…3 refer to the innovatory effort and X il…9 corresponds to the nine types of cooperation. In Table 1 the measurements of the model's variables are described.
[Insert Table 1 here]
The data come from a sample of twenty sectors (see Tables 1 and 3) and enables the relationship between this process and firms' technological strategy, the factors influencing their capability to innovate and firms' economic performance to be shown.
In the period studied it can be seen (see Appendix 1) that the sectors which record the highest levels of innovation activities intensity were industrial sectors and more specifically, Furthermore, several studies indicate that cooperation levels are very different according to the type of sector (Hladik 1985; Link & Bauer 1989; Hagedoorn 1993; Wang 1994) . In this context, there is no doubt that consideration of these sectoral differences becomes an important aspect when evaluating the effects of cooperation with different agents on the intensity of innovation activities in the productive sector.
Thus, in order to carry out this study, nine external sources with which cooperation for innovation could be possible have been considered (see Table 2 [Insert If the type of agent with which cooperation took place is taken into account, the leading role corresponded to the universities, particularly in the case of Chemical Products (8.38%) and in Energy and Water industries (6.71%). Similarly, cooperation with experts and consultants was also important in the Recycling sector (6.66%) and cooperation with technological centres in the case of the Metallurgical industry (5.79%). The findings in Table 3 show that total intensity of innovation activities at the industry level showed a positive and significant rise thanks to cooperation with customers and level. Secondly, this type of cooperation could make it necessary to make investment in innovation activities geared to adapting the productive process to the new product or service designs thought up by the customer. Finally, it has also been pointed out in the literature that this type of cooperation could raise costs stemming from the means that the firm must provide to the customer for his information to be relevant for the innovation process.
RESULTS OF THE STATISTICAL ANALYSIS AND DISCUSSION

Previous studies have shown that innovation intensity in firms is
[Insert Table 3 here] Different studies have analysed the importance of different types of partners when cooperating and have found that customers are the most appreciate external source of information, followed by suppliers, both in Spain and in other countries (Baumert & Martínez 2007; Bierly & Daly 2007) . Spanish firms cooperating with customers are mainly firms in hitech sectors (Bayona et. al. 2003 ) whose contribution to the total industrial expenditure in innovation activities is high and they support the continuity of these activities in their firms.
This trend also explains the findings obtained in the case of cooperation with suppliers, which also has a significant and positive influence on innovatory effort. This result is in accordance with other previous studies which have shown that vertical cooperation leads to higher investments in innovation (Steurs 1995) . These findings can be explained if it is considered that effective collaboration with these agents requires a suitable infrastructure in which collaboration can be installed, which means spending more in research and development The findings also indicate that cooperation with competitors or firms in the same sector increases the intensity of intramural R&D. The reasoning that would lie behind this is that bearing in mind that in this way the firm shares certain knowledge with its competitors, it will at the same time have to seek a way of maintaining an advantageous position over them and one way would be to raise its in-house R&D efforts, for example, by developing new, more efficient productive processes or even making use of patents. Additionally, for the Spanish case, the positive influence of this type of cooperation finds a relationship with public funds.
The study by Heijs, Buesa and Saiz (2007) shows how subsidies geared to increasing firms' R&D investment also stimulated technological cooperation with firms in the same sector. where the productive sector is technologically rather backward. Moreover, this cooperation takes place in many cases to guarantee access to public funds, which encourages the buying of external technology. On the other hand, the study shows that cooperation with public R&D agencies reduces these external expenditures and does not displace them towards in-house technology production. In Spain, these agencies stand as an alternative to the market in offering low-cost access to technological installations, equipment and services.
The findings also show that cooperation with public technological centres reduces inhouse R&D investment. The fact that they are non-profit-making organizations gives greater confidence in the relationship with them and this, to a certain extent, can be transformed into a greater delegation of innovation activities and less concern over protecting the findings of these tasks (Santamaría & Rialp 2007) . Moreover, the easy access to the results of these research centres, enables technological opportunities to be exploited which might arise from their basic research (Mohen & Hoareau 2003) without the need for any in-house effort.
Although Spanish firms continue to argue that one of the main problems faced by this cooperation is that time limits are not met, they often go to these centres to replace their inhouse R&D efforts.
CONCLUSIONS
At this moment in time the development of innovations cannot be based exclusively upon the firm's internal resources. Given the difficulty involved in obtaining the resources needed for innovation activities, firms are forced to collaborate with external agents to accede to complementary resources, and this has led to a sharp increase in the number of cooperation agreements in innovation. However, there are still many aspects of this phenomenon to be explored.
For this reason, we have presented an exploratory work which aims to contribute to the knowledge of these relationships by providing empirical evidence on the influence which collaboration with different external agents might wield on the total intensity of innovation activities, intramural R&D intensity and extramural R&D intensity in the Spanish productive sector. With this aim a total of twenty sectors have been considered and cooperation with nine different types of agents: 1) other firms within the same group, 2) customers, 3) suppliers , 4) competitors and firms from the same sector, 5) experts and consultants, 6) commercial laboratories or R&D firms, 7) universities, 8) public R&D agencies, and 9) public technological centres.
With this research we have provided an answer to two interesting questions referring to the phenomenon of cooperation in Spain. On the one hand, we have observed that cooperation
with customers is what has the greatest impact on the intensity of innovation activities of manufacturing and service sectors in this country. Secondly, different effects have been observed on how sectors make the distribution between in-house technology development and buying-in according to the type of partner.
In this last case, the findings have indicated that cooperation with customers and suppliers produces a significant, positive increase in total intensity of innovation activities in the productive sector. It has also been noticed that cooperation with customers has been the only type to produce a significant stimulus both in in-house generation and buying technology from outside. In a certain way, it could be said that cooperation with customers proves to be an indicator of the importantce the firm gives to innovation, since the greater this cooperation, the greater the number of resources that are devoted to innovation activities. This is one of the principal contributions of our study and it is particularly relevant for Spanish firms. The fact is that suppliers have proved to be the most frequently used partners in Spain whereas cooperation with customers is not very well developed. So it would be worthwhile to encourage and implement strategies to strengthen cooperation with these agents in the innovation framework.
Bearing in mind the way in which firms distribute R&D expenditure, the study has found that cooperation with competitors increases intramural R&D intensity. Presumably, firms sharing certain knowledge with their competitors will at the same time have to find a way to maintain a position of advantage over them and one way will be to increase their efforts in inhouse R&D activities.
From this research the deduction can also be made that there is a certain degree of interference in cooperation with different agents of the public R&D system. Whereas cooperation with universities increases the acquisition of external technology, cooperation with public R&D agencies reduces it. This reveals that firms have engaged in cooperation for different reasons and that in some cases cooperation has been viewed as a means for obtaining technology and not as a support mechanism for the innovation process. The study also shows that cooperation with public technological centres significantly reduces internal technology development. These findings have important implications both for managers and policy makers. They have the chance to introduce changes into the private and public R&D system by looking at the area in which each of these agents is most efficient and distributing tasks so that innovative activity is stimulated beyond simple R&D.
Nonetheless, though the model proposed in this work explains around eighty per cent of the variation in innovatory effort in the Spanish productive sector, future research could extend the analysis by including variables allowing a comparative study to be made between sectors. Moreover, the relation between the type of agent and the innovation output could be considered.
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